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_ ....,, Th-i-S i-s+ an introductory paper for the entire issue

of the journal. It briefly reviews each of the 20 other

I papers summarizes studies performed with the planetaryand

probes ,_ars-_ _o Mars-7. This _rebe group is rel,arded as

Joint expedition that may provide the optimum combination cf

detailed investi<atic_ at a particular _oint on the Flanet's
surface (fr_)m the descent module) with more _enera! indirect

studies from orbiti_,_ ?robes. The arrival schedule of the

planetary l)rohes and the sequence off actual events is des-

cr_bed, and the orbital l ar:_::eters of the orbitin_ +._ars-5

probe are ! resented, as ' __e_ 1 as [ la,*_et surface coordinates

of the Xars-6 descen_ module. Two maFs indicate the trace:s

of the _rcbe instrumentation o_'cical axis _ the _!anet's
surface. Th's word -- the "tr%ck" -- is used for this

r,urrcse throughout _!l Fapers.
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V.I. Moroz

Investigations of radiation, reflected solar and thermal

radiation, in different .spectral regions by astrophysical methods

until recentiy have been the only source of information on the

physical charaeterSstics of the atmosphere and surface of .other

planets. Orbital spacecraft substantia!ly expanded the capa_

bilities of astrophysical methods, since they made it po.s_ib.le to.

sharply reduce the d!stance to the object of the study and to

improve the spatial reso.lutien by tens and hundreds of times co_,._

pared to the re.solution that c_n be provided b.y the largest groun.d_

based telescopes. Also, interference from the Earth's atmosphere

was ent!re!y removed and the parts of the planet which cannot be

.seen fro_ Earth be eam.e acce.ssib!e to study.

/3*

Astrophysical meth.ods of investigating planets based on their

radiation characteristlcs with instruments installed on board

orbital craft, and direct studies on board descent modules mutual_

!y surplement each other. A descent module can conduct detailed

direct investigations at one point on the _!anet's surface, while

an orbital craft can give more indirect results, but on the other

hand results that extend over considerable areas arid capable of

embracing the e:_tire planet. 'The optimum lies in the rational

combinatier, of both methods. 'The idea of this optimal com_Inatien

was em_odl_d in the expedlt!en arriving at _lars in February-March

1974 and consistin£ of the four _acecraft. _ars_, _1_rs _,

_<ars-.6, and _,!ars-7.

'The first to reach the planet was r<ars_4 .(i0 _'ebruary 197_:),

arrivinv, at a distance of 220C km from its surface and ta_InK

* _,;umbers in the margin indicate pacination in the fereicn text.
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photographs from a flyby trajectory. The second to arrive was

Mars-5 (12 Feb.ruary)_ which was inserted into the orbit of an

artlflclal satellite .of the planet. The orbit had the fo]]owlng

main parameters:

osculation period

inclination

semimaJer axis

eccentricity

distance at _.ericenter to planet's

center

distance at apocenter to planet's

center

T = 24h52mSO s

i = 35°20 j

a = 20,570 km

e _ 0.749'74

r_ _ '_150 km

r a _ 35,95'0 km

The orbit was selected s.o that Mar.s_5 traversed during the

sun!!t time of the Martian days over a reg!o_ .selected for the

landing of t_e de,cent modules that were carried by Mars-6 and

Mars-7. Marsh7 approached the planet first (9 _arch), but its

descent module, after a operating malfunctlon of one of the on-

board systems arrived at the altitude of ].300 km above the

planetary surface and did not execute a landing. On Mars-6 the

operation of Insertlon of the descent module into a de_cent tra-

jectory procieeded flawlessly, and on 12 March Jt descended tO tl.-

surface of the planet in the re_ion with coordinates _ _ -2_ °

= 20 ° .

In the nomenclature of the International Astronomlcll Un_om,

this region _s called Fyrrhae Region. For the first time in

man's history, direct Investlgatlons of the Martian at_osphere

were made. The studies of the atmospheric co_ositlon (a _rouD

headed by V.G. Istomln)show_d that the 51artian atmosphere con- /LI

talns inert £ases in considerable quantities (_5 ± !5_). _ost

probably, _hls is argon. This amount of argon means that the mean

rate of Fas evolution on Mars is com[,arable wlch the terrestrial

rate, and the lower density o_ the Martian atmc.sphere i_ accounted ........



for most likely by the fact that most of the _'....¢,_r_ian atmosphere

wa,_ condensed at the polar caps. In turn, th_Is eor:_flrm$ the

hypotbe_e.s suggesting that In the geologically hot-distant _:_st

the atmosphere o_ _laI's was much dens.e_ than today and that open ....................

bodies of water existed on the .p!armtary surface.

On board the descent moaule, measurements were taken of the

pressu_re, temperature, and altitude alon_ the descent trajectory.

These measurements covered the altitude re_ion 0-2C km. In addi_-

tion, to estimate the main atmosphe_r!c parameters, data obtained

wlth accelerometers end meas_rements of the relative Dc_:pler

velocity along the descent module-orbital module line were re-

sorted to. An combine4 analysi_s of _!! the _ata (a study done by

a large g_'oup of auther_, !nclud!n_ V.S. Abduyevskly_ _,'.Ya. Marcy,

V.V. Kerzhanovich, and N.K. Rozhdestvenskiy) showed that all the

data can be accounted for as3um!ng the fo!2.owinc st_espherlc

characteri_ sties :

pre;ssure at surface

temperature of atmosphere at surface

temperature cradient _n tropo_ause

tropopeuse altitude

temperature of isothermal stratosi_here

6 mbar

_30 K

fi.SoK/km

25-30 km

150-160°K

This modes is in close agreement with the concepts of the

Martian atmosphe$'e obtained earlier through analysis of the radi_-

tlon characteristics of the _lanet. The pressures i:_ the Pyrrhae

Region were measured from the _?ars-5 orbital craft from the

equivalent CO 2 band_id_hs (L.V. Ks%_fomaliti a_d V.!. _.!oroz), :_nd

the results ag_ree@ closely with direct mea_u:re_.¢nts.

On board the orbital craft, t_o e×_e_'i_.e_ts, o_ the che_-ic..l

composition of the atmosphere were conducted. .One was tc measure

the content of water vapor in th_ atmosphere from the intensity
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of the 1.38 bm absorpti<n band (V.I. _<oroz and A.E. _!adzhlp). It:

showed that in some regions of _lar:s the H20 content can be as

high as i0.0 _m of precipitable water, much more than was observed

2 years aF,o during this season with _ars--3, Also, it turned out

that in the regions only a few hundred kilometers fr'om each other,

the H20 content can differ by three to four times.

The second experiment measurinF_ the minor constituents of the

Martian atm_ sphere involved a photometer operatin_ in the ozone

band k 2600 _ (V.A. Krasnepol'.skiy eta!.). The American !tar!net

stations ear].ier dlsclosed ozone fixed in the solid matter of the

polar caps, blot the questic.n of whether it is present in the

atmosphere remained open. ifhe experiment on bo_rd Marsh5 reliably

showed the presence of s_all amounts of ozone in tl!e atmosp.here.

'The altitude of the ozone layer was _20 kin. Tbfs r_sult Is im_

portant to under.standing photochemical i)rocesscs in _,, planetary

atmosphere.

Two exper!ments on radio_occu!tation of the atmosphere,

s!n_!_,_frequency (M.£. Ko!oso,_ e¢ al.)and two-frequency (_I.V.

Vasil'yev et al.), yielded estimates of pressure in fhe lower

atmosphere from the refraction phase shift, t_nd also a prof_!c _cf

the electron concentrati©n in the Ionosphere. FOr the f_rst time

the ionosphere was InvestIF, eted on the niF,ht side of the planet,

where earlier here only the up[,er limit of the electron concen-

tratlen was known.

Detailed data on the temperatures in the u[)per atzosFhere of

the planet and the structure of its excszhere were cbt,zlned

through measurements of the intensity of the resonance _low of

the L_ line (Kroup lead by V.,3. Kurt, with the pnrtlcIF'at!on cff

the Fren_',h scientists ,!. Blamont et _].).

A large series ef ext,er'iments d_*a]t with the Martian surfa.:_,_}.

The p!_nec was [hctographed with _,hctcte]evlsler, c.t{meras (.PTT) cf



different types (A._._ Se!iva!._v et al.). There were about 60
photographs obtained _y the rdars-4 and Mars-5 craft. Many of
these were of high quality. They covered the region shown in
Figs. 1 and 2. It was essential that Mar!nero9 photograph this
regicA durlng a period of a dust storm and could not here prcvlde
as high a photographic quality, Two cameras were used, a short--
focal length camera w_th resolution of about 1 km near the peri_
cenzer, and a Iong_focal length camera with a reso]utlon of about
lO0 m, In addition, images were obtained with scanning Fhoto-
electric photometers.
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The photographs taken were studied by _eologists (see article

of K.N. Florenskiy eta!.), and they were also analyzed pheto_

grammetrically (B.V. Nepok!enov eta!.). Several photo_raFhs

showed traces of water erosion, whose age was cautiously e sti_

mated as less than one billion years. This Is independent

support for the hypothesis of fluctuations in the d_nsi_y of the

Martian atmosFhere.

The study of the properties of the surface and soil fr,_m their

radiation characteristics was conducted over a wide spectral re_ion,

beginn!nc from radio waves and endln_ _,in Famma-rad_ation.

Instruments for these measurements were hard-mounted to the

hull of the automatic interplanetary station [AIS] a,_ they were

oriented in a constant d[rectlon durln_ measurer_e_,ts usu_]ly b,_'

means of the solar-star orientation systeT of the A!S. F!.otc.<eters

for H2O ar.d ozone were also oriented. Wi_':: -_[,[rou,c}_ tc the Ferl-

center, the instruments were swltc_:ed on several] [_Inutes _efore

transitin_ the llmb by a specla] c['timal sensor. The ¢_<tiza]

axes :rr_ns!ted the rlanet usual_y aicn_ a line close to <_ croat

circle, and the transit from lir,.b to limb t(-_ck -30 rr:in. The

terminator was t,r'zn_,'t<'l 22 rain fast the sunlit i]r:b, in t,_.<

follow!nK, we }:ill call the trace of the o_,tlcal axls on the

planetary surface the measureme[:t track. 9'rcm a _rel_<'nt:ry
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estimate, the accuracy with which the .r.easurement track was deter-

mined is i_2 '° in _erms of areographic coord!nates.

Figs. 1 and 2 show the measurement tracks of the orbital

craft Marsh5 from 21 February to 1 March for all instruments

oriented parallel to the PTC.

The tracks of 23 February-! _arch passed through the re_ons

Araxes and Claritas, south of Solls Lacus (tangent along the

southern side), and then across Thaumasia and Mare F_rythraeum,

and ending in Pyrrhae, where the descent module Marsh6 landed,

The tracks were dis_!aced longitudina!!y approximately 3° per day,

while they nearly coincided along their central portions, which

made it po_sib!e to carry out mutual monitoring of the measurements

along d!fferent trajectories, The @l February track lay north of

_t was obtained whenthe rest and had a differ cL0t sha[_e, since _

additional angles of rotation were present. A total of seven fully

valuable measurement sessions were held and resu]ts were obtained

for seven tracks.

One of the instruments, the infrared radiometer (L.V.

Ksanfoma!iti and V.I. Moroz), measured the soil brightness ter_,_

perature in the 8-26 um range. These measurements showed that

the thermal inertia of the soll is in the ranFe 0.C0h-@.00 ° cal.

•deg_!.cm-2.sec _!/2 Hence we can estimate the characteristic

size of soil grains from 0.i to 0.<

.Or.the other hand, photometric and [.o!arimetr_.c measureme_ts

showed that these F.ralns have a _!crostructure of finer scale

.(of the order of a micron)• Photometry of the i'lanet In t,_e

0.3-0.9 um range w_s or,nd,_cted with several photoelectric instru-

ments (L.V. Ksanfomallti). _,[easurements with [c]aclmeters were

conducted in this same ran_e (L V. Zsanfemalitl and U I Mc__'_-

%nd A. Dclfuss, France). <hoto_.etr_c and [e]arlr_etric z.easure-

ments from the spacecraft are valuable not only because they



provide high spatial resolution, but alsc ensure that Mars can Oe
observed at phase angles Inaccesssible from Earth.

The radioemission of the planet at the wavelength 3. _ cm was
measured with a radio te!escope (a co!!ective of authors made up
of A.Ye. Basharinov, _4.N. Krupeino, A.D. Kuz'mln, V.S. Troltskiy
et al.). These measurements y!e!ded data on temperature at a
large depth (several tens of centimeters) as well as estimates of
the dielectric constant. The dielectric constant depends on solar

density and, thus, the measurements of radio emission enab!e us to

arrive at an idea of dens!ty, and for values at a fairly si_ni_

flcant depth below the surface.

The composition of the soil and its .......... determine the

ref!ect_vity of the planet in the 0.3-_ Dm range. The !on£-wave

section of this _nterval was investigated with an infrared

spec_rophotometer (V.Z. Moroz and N.A. Parfent'yev). Several

hundreds of spectra were obtained in the 2-'5 _m range. The pre-

sence of a water of crystallization band a_ about 3.2 um was the

most characteristic detail of these spectra.
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A special instrument, a C02-altimeter (L.V. Ksanfoma!itl and

V.I. _toroz), _easured the equivalent CO 2 bandwldths at about 2 um.

From them the profiles of pressure and altitude alon_ the measure-

ment tracks were determined. In the western part of the tracks

there was a high region with the characteristic pressure 3-_ mbar,

while in the eastern part _- 5-6 mbar. The tracks intersected

two ridges with altitudes to 2-10 km above the reference level ......

(6.1 mbar).

The gamma-spectrometer (Yu.A. Surkov, O.P. Shche_icv et al.)

on _ars_5 yielded spectra of the gamma-radiaticn cf the _artian

rocks, from which an idea cf their characteristic cemposltlon may

be obtained.



One group of exper!ments dealt with the interplanetary plasma
and the magnetic field in the vicinity of Mars.

Measurea_ents of the magnetic field (Sn. Sh. Dolglnov eta!.)
and the interplanetary plasma (K.!. Cr_ngauz etal.) demonstrated
new serious arguments in favor' of the existence of the planet's
intrinsic magnetic f_eld. Studies of the plasma in interplanetary

space were a!so conducted by the O.L. VaysberF grou_,o This same

group measured the electrical fields.

The two last e×per_ments that remain to be mentioned involve

study of the Sun. This was the measurements of fluxes of solar

cosmic rays (S.N. Vernov etal.) and investigation of solar radio

emission In the meter band by simultaneous observation from a

spacecraft and from Earth (Ye.M. Vasil'yev eta!., Steinberg

et al., France). The results of the first of these showed in_

terest!ng features in the behavior of solar cosmic rays d,url_

flare periods.

Summing up, it can be concluded that the last expedltie_ to

Mars brought much new interesting data to science. _ot all that

was planned was done, however a great many fundamentally new

results were obtained. Processing of the measurements of most

experiments has just begun, and there is the certainty that sut_

sequent!y the results presented here will be substantially

surp!emeated. Unfortu_ate!y, not all the crticles are included

in this collection (D V. Ne_cklonov et al a fe _asharinov
. . ° • , , • .

et ai.; Yu.A. Surkov et al.; and Ye.i,i. Vasil'yev, Steinberg-et

a!.) and will be publi:shed l_ter.
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